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Abstract
Background: Practice variation generally raises concerns 
about the quality of care. This study determined the longitu-
dinal degree of hospital variation in proportion of patients 
with gallstone disease undergoing cholecystectomy, while 
adjusted for case-mix, and the effect on clinical outcomes. 
Methods: A nationwide, longitudinal, database study was 
performed in all hospitals in the Netherlands in 2013–2015. 
Patients with gallstone disease were collected from the di-
agnosis-related group database. Hospital variation in case-
mix-adjusted cholecystectomy rates was calculated per year. 
Clinical outcomes after cholecystectomy were compared 
between hospitals in the lowest/highest 20th percentile of 
the distribution of adjusted cholecystectomy rates in all 3 
subsequent years. Results: In total, 96,673 patients with gall-
stones were included. The cholecystectomy rate was 73.6%. 
In 2013–2015, the case-mix-adjusted performance of chole-
cystectomies was in hospitals with high rates 1.5–1.6 times 
higher than in hospitals with low rates. Hospitals with a high 
adjusted cholecystectomy rate had a higher laparoscopy 
rate, shorter time to surgery, and less emergency depart-
ment visits after a cholecystectomy compared to hospitals 
with a low-adjusted cholecystectomy rate. Conclusion: Hos-
pital variation in cholecystectomies in the Netherlands is 
modest, cholecystectomy rates varies by <2-fold, and varia-
tion is stable over time. Cholecystectomies in hospitals with 
high adjusted cholecystectomy rates are associated with im-
proved outcomes. © 2020 The Author(s)
Published by S. Karger AG, Basel
Introduction
Cholecystectomy is the most commonly performed 
gastrointestinal surgical procedure worldwide, account-
ing for over 1,500,000 surgeries in the USA and almost 
25,000 surgeries in the Netherlands, every year [1, 2]. A 
cholecystectomy is mostly an elective straightforward op-
eration while watchful waiting is an accepted alternative 
in selected patients [3]. The proportion of cholecystecto-
mies has increased over the past decades, although the 
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indication for surgery was not broadened according to 
guidelines [4–6]. Because watchful waiting is an alterna-
tive for a cholecystectomy, it is often regarded as the text-
book example of practice variation in gastrointestinal 
surgery.
The United States’ Dartmouth Atlas of Healthcare and 
several European reports show that whether a patient un-
dergoes a general surgical procedure or not heavily de-
pends on the region or hospital [7–9]. The Dartmouth 
Atlas of Healthcare shows that in some regions in the 
USA, the cholecystectomy rate is 4 times higher than that 
in other regions. In 2011, hospital variation in cholecys-
tectomies was researched in the Netherlands and showed 
that it varies by 5-fold [10]. This report gave a persistent 
negative connotation to this type of surgery, but addi-
tional research into the contribution to this variation was 
not conducted. The hypothesis is that hospital variation 
is reduced since 2011 and that hospital characteristics 
may contribute to hospital variation.
This study aimed to determine longitudinal hospital 
variation in cholecystectomy rates in patients with gall-
stone disease in a nationwide cohort in the Netherlands, 
while adjusting for case-mix. Second, the clinical out-
comes and hospital characteristics were compared be-
tween those having low/high case-mix-adjusted chole-
cystectomy rates.
Methods
Study Population and Data
For the present study, data of patients with gallstone disease 
from 2013, 2014, and 2015 were extracted from a routinely col-
lected nationwide database with hospital data. In the Netherlands, 
hospital care reimbursements are based on diagnosis-related 
groups (DRGs). These DRGs consist of an average of healthcare 
costs for a combination of various treatments. These do not give 
information about the actual care provided. The database included 
both DRGs as well as the healthcare activities, so the actual pro-
vided care was used in the analyses [2]. These healthcare activities 
are registered by all Dutch hospitals. At time of the study, the cov-
erage was 90% for 2013, 90% for 2014, and 80% for 2015 (due to 
administrative delays in registries).
All newly diagnosed gallstone patients (cholecystolithiasis, 
Dutch code: 0303-323) in each year were selected from the data-
base based on diagnosis codes. This mainly includes patients who 
present at the surgical outpatient clinic but also inpatient hospital 
episodes. Diagnosis codes did not differentiate between compli-
cated (e.g., cholecystitis) and uncomplicated gallstone disease.
This research was performed in accordance with the ethical stan-
dards of the Helsinki Declaration of 1975. The Strengthening the 
Reporting of Observational studies in Epidemiology guideline and 
the REporting of studies Conducted using Observational Routinely-
collected health Data (RECORD) statement were followed [11, 12].
Data Collection
In the database, detailed information about actual performed 
healthcare procedures was available. Patients with gallstone dis-
ease and the following healthcare procedure codes were assigned 
to the cholecystectomy group: laparoscopic cholecystectomy, cho-
lecystectomy, laparoscopic cholecystectomy including choledo-
chotomy, cholecystectomy including choledochotomy, laparo-
scopic cholecystectomy and appendectomy, and cholecystectomy 
and appendectomy. Patients with gallstones without surgical treat-
ment were assigned to the conservative treatment group. Conser-
vatively treated patients were assigned to the last visiting hospital. 
Patients who received surgery were assigned to the hospital where 
the surgery took place.
Patient characteristics and type of treatment included sex, age, 
socioeconomic status (SES) score [13], time interval between diag-
nosis and surgery, and type of surgery (open or laparoscopically). 
Clinical outcomes included emergency department visits within 
30 days after diagnosis. In patients who underwent surgery, addi-
tional data on emergency department visits, readmissions, reop-
erations, and the postoperative performance of an endoscopic ret-
rograde cholangiopancreatography, all within 30 days of opera-
tion, were assessed.
Type of hospital (general, academic, and private) was also avail-
able in the database. Hospital characteristics, for the entire hospital 
and more specific for the department of surgery, were collected 
from the register of the Dutch Ministry of Healthcare, Welfare and 
Sports summarizing hospital characteristics from 2014 [14, 15]. 
The present study did not require approval from an ethics com-
mittee in the Netherlands. The DRG database (with both DRGs as 
well as the healthcare activities) did not require written informed 
consent form patients.
Study Outcomes
The cholecystectomy rate was defined as the proportion of pa-
tients with gallstone disease undergoing cholecystectomy. The pri-
mary outcome of the study was the variation in cholecystectomy 
rates between hospitals. The cholecystectomy rate was adjusted for 
case-mix (sex, age, and SES score). First, the variation in case-mix-
adjusted cholecystectomy rate per 1,000 patients was calculated 
between all Dutch hospitals. Academic hospitals and private clin-
ics were excluded in further analysis. Second, the variation in case-
mix-adjusted cholecystectomy rate per 1,000 patients was calcu-
lated between general hospitals only. This second analysis will pro-
vide more information about variation between hospitals with 
similar patient populations and about the contribution of type of 
hospital to hospital variation. Third, clinical outcomes between 
hospitals with a low and high case-mix-adjusted cholecystectomy 
rate were compared. Finally, hospital characteristics were com-




Patient characteristics were calculated for all individual pa-
tients with gallstone disease expressed per year. Age was presented 
as mean with standard deviation and sex and surgical treatment 






Hospital variation was analyzed between all types of hospitals 
and only between general hospitals. All analyses were based on in-
dividual patient data and not on population-based data. To avoid 
small sample variation, hospitals with <30 patients with gallstones 
in a year and those that performed <5 surgical operations of inter-
est per year were excluded from analysis.
First, the case-mix-adjusted cholecystectomy rate per hospital 
was calculated. The calculation of the case-mix-adjusted cholecys-
tectomies per 1,000 gallstone patients consisted of 3 steps: first, a 
logistic regression with surgery/conservative treatment as out-
come and age, sex, and SES as covariates was performed to assess 
the expected cholecystectomies per hospital; second, expected and 
performed cholecystectomies were standardized to cholecystecto-
mies per 1,000 gallstone patients per hospital; third, the performed 
cholecystectomies per 1,000 gallstone patients were divided by the 
expected cholecystectomies per 1,000 gallstone patients, then this 
ratio was multiplied by the national average of cholecystectomies.
Second, to express the amount of variation, 2 types of factor 
scores were calculated [16, 17]. The factor score is a measure to 
describe the degree of hospital variation. It shows by which factor 
the highest scores differ from the lowest scores. The factor score 
was calculated by dividing the mean of the case-mix-adjusted cho-
lecystectomy rates of the 3 hospitals with the highest adjusted rates 
by the mean of the case-mix-adjusted cholecystectomy rate of the 
3 hospitals with the lowest adjusted rates. Additionally, to exclude 
the influence of outliers, factor scores were based on the 95th and 
5th percentile of the distribution of case-mix-adjusted cholecys-
tectomy rates. The case-mix-adjusted cholecystectomy rate of the 
95th percentile was divided by the adjusted rate in the 5th percen-
tile. International literature showed that a factor score below 2.0 is 
modest [18]. This means that a patient visiting the hospital in the 
95th percentile has a 2 times higher chance of undergoing treat-
ment than a hospital in the 5th percentile. Factor scores were cal-
culated between all hospitals and between general hospitals only. 
Hospital variation was presented in bar charts.
Comparing Hospitals with Low and High Adjusted 
Cholecystectomy Rates
Academic hospitals and private clinics were excluded to compare 
clinical outcomes and hospital characteristics between general hos-
pitals with a low or high case-mix-adjusted cholecystectomy rate. A 
hospital was defined as “hospital with a low adjusted cholecystecto-
my rate” when a hospital appeared in the lowest 20th percentile of 
the distribution of the case-mix-adjusted cholecystectomy rates in all 
3 subsequent years (2013, 2014, and 2015). A hospital was defined as 
“hospital with a high adjusted cholecystectomy rate” when a hospital 
appeared in the highest 20th percentile of the distribution of the case-
mix-adjusted cholecystectomy rate in all 3 subsequent years.
Days to operation were presented in means with standard de-
viation. Other patient- and treatment characteristics and clinical 
outcomes were presented as percentages. Hospital characteristics 
were presented as means per hospital and percentages, respective-
ly, for hospitals with a low adjusted cholecystectomy rate and hos-
pitals with a high adjusted cholecystectomy rate. Analysis of con-
tinuous data was done using Student’s t test for normally distrib-
uted data and Mann-Whitney U test for skewed data. Dichotomous 
data were analyzed using χ2 test. Associations with a p value <0.05 
will be considered statistically significant. Analyses were per-
formed with R version 3.5.1 and SPSS version 22.
Results
Patient Population
In 2013, 2014, and 2015, respectively, 32,499; 33,723; 
and 30,451 were diagnosed with gallstone disease. Three, 
5, and 4 hospitals were excluded due to low patient or op-
eration numbers, respectively, in 2013, 2014, and 2015. 
The patient characteristics are summarized in Table 1.
Variation between All Hospitals
For 2014, the case-mix-adjusted cholecystectomies per 
1,000 gallstone patients per hospital are illustrated in Fig-






Hospitals, n 83 74
Patients, n 32,499 30,759
Sex, n (%M) 10,556 (32.5) 9,886 (32.1)
Age, mean (SD) 53.8 (16.7) 53.8 (16.7)
Surgical treatment, n (%) 24,041 (74.0) 22,927 (74.5)
Factor scorea 1.47 (2.03) 1.38 (1.92)
2014
Hospitals, n 77 68
Patients, n 33,723 31,987
Sex, n (%M) 11,275 (33.4) 10,561 (33.0)
Age, mean (SD) 54.2 (16.6) 54.1 (16.6)
Surgical treatment, n (%) 24,702 (73.2) 23,611 (73.8)
Factor scorea 1.57 (2.02) 1.28 (1.48)
2015
Hospitals, n 68 59
Patients, n 30,451 28,804
Sex, n (%M) 10,186 (33.5) 9,560 (33.2)
Age, mean (SD) 54.5 (16.7) 54.4 (16.7)
Surgical treatment, n (%) 21,887 (71.9) 20,865 (72.4)
Factor scorea 1.56 (1.97) 1.27 (1.37)
The factor score is a measure to describe the degree of hospital 
variation. It shows by which factor the highest scores differ from 
the lowest scores. Factor scores were based on the 95th and 5th 
percentile of the distribution of case-mix-adjusted cholecystectomy 
rates. The case-mix-adjusted cholecystectomy rate of the 95th 
percentile was divided by the case-mix-adjusted cholecystectomy 
rate in the 5th percentile. Additionally, we calculated the factor 
score by dividing the mean of the case-mix-adjusted cholecystectomy 
rates of the 3 hospitals with the highest adjusted rates by the mean 
of the 3 hospitals with the lowest adjusted rates. The number of 
hospitals went down each year due to fusion of hospitals. At time 
of the study, the coverage was 90% for 2013, 90% for 2014, and 80% 
for 2015 (due to administrative delays in registries). Therefore, the 
number of patients is lower in 2015. a 95th/5th percentile (top3/
bottom3).
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Fig. 1. Hospital variation in cholecystectomies in all Dutch hospitals. Case-mix-adjusted cholecystectomies per 
1,000 patients per hospital. Adjustments were made for sex, age, and social-economic status. Horizontal lines il-
lustrate the mean/median case-mix-adjusted cholecystectomies per 1,000 patients. Each bar represents 1 hospital. 
Yellow bars implicate academic hospitals, pink bars implicate private clinics, and blue bars implicate general 
hospitals.
Table 2. Difference in treatment characteristics and clinical outcome between hospitals with low and high adjusted 
cholecystectomy rates
Clinical outcome Hospital p value
Lowa Highb
Patients, n 1,938 1,770
Sex, n (%M) 627 (32.4) 547 (30.9)
Age, mean (SD) 52.84 (1.3) 53.74 (2.7)
Conservative treatment n = 677 n = 305
Emergency department visit <30 days after diagnosis, n (%) 50 (7.4) 33 (10.8) 0.073
Operative treatment n = 1,261 n = 1,465
Laparoscopic operation, n (%) 1,185 (94.0) 1,430 (97.6) <0.001
Days to surgery, weighted mean (SD) 47.3 (11.4) 27.3 (4.5) 0.009
Emergency department visit <30 days after diagnosis, n (%) 43 (3.4) 43 (2.9) 0.479
Emergency department visits <30 days after surgery, n (%) 112 (8.9) 74 (5.1) <0.001
Readmission <30 days after surgery, n (%) 47 (3.7) 39 (2.7) 0.113
Reoperation <30 days after surgery, n (%) 8 (0.63) 12 (0.82) 0.573
ERCP <30 days, n (%) 3 (0.24) 4 (0.27) 0.857
Academic hospitals and private clinics were excluded to compare clinical outcomes between general hospitals 
with a low or high case-mix-adjusted cholecystectomy rate. ERCP, endoscopic retrograde cholangiopancreatography. 
a A hospital was defined as “hospital with a low adjusted cholecystectomy rate” when a hospital appeared in the 
lowest 20th percentile of the distribution of the case-mix-adjusted cholecystectomy rates in all 3 subsequent years 
(2013, 2014, and 2015). b A hospital was defined as “hospital with a high adjusted cholecystectomy rate” when a 
hospital appeared in the highest 20th percentile of the distribution of the case-mix-adjusted cholecystectomy rate 





ure 1. In 2014, the 95th/5th percentile factor score was 
1.57 (top3/bottom3; 2.02). In other words, the number of 
case-mix-adjusted cholecystectomies per 1,000 patients 
was 861 in the 95th percentile and 549 in the 5th percen-
tile (861/549 = 1.57). In 2013 and 2015, factor scores were, 
respectively, 1.47 (top3/bottom3; 2.03) and 1.56 (top3/
bottom3; 1.97) (Table 1).
Variation between General Hospitals
Eight academic hospitals and 1 private clinic were ex-
cluded. In 2014, the 95th/5th percentile factor scores be-
tween general hospitals was 1.28 (top3/bottom3; 1.48). 
The factor scores for 2013 and 2015 were 1.38 (top3/bot-
tom3; 1.92) and 1.27 (top3/bottom3; 1.37) (Table 1).
Differences between Hospitals with Low and High 
Adjusted Cholecystectomy Rates
Five general hospitals met the definition for a hospital 
with a low adjusted cholecystectomy rate (case-mix-adjust-
ed cholecystectomy rate in the lowest 20th percentile in 3 
consecutive years) and 5 general hospitals met the defini-
tion for a hospital with a high adjusted cholecystectomy 
rate. In hospitals with a high adjusted cholecystectomy rate, 
a cholecystectomy was performed earlier after diagnosis (27 
vs. 47 days, p = 0.009), more often by laparoscopy (98 vs. 
94%, p <0.001) and postoperative outcomes were associated 
with less emergency department visits within 30 days after 
operation (5 vs. 9%, p <0.001), compared to hospitals with 
a low adjusted cholecystectomy rate (Table 2).
Hospitals with a low adjusted cholecystectomy rate 
were characterized by a higher percentage of a salaried 
medical staff, and most of the medical conditions treated 
in these hospitals were reimbursed by a fixed price (Ta-
ble 3). Hospitals with a low adjusted cholecystectomy rate 
were more often teaching hospitals, with surgical trainees 
performing the majority of cases under supervision, while 
hospitals with a high adjusted cholecystectomy rate were 
non-teaching hospitals. Other hospital characteristics such 
as annual revenue, bed capacity, operation rooms, medical 
specialists, and surgeons were comparable between hospi-
tals with low and high adjusted cholecystectomy rates.
Discussion
This nationwide, database study shows that hospital 
variation in the Netherlands in cholecystectomies is mod-
est, cholecystectomy rates varies by <2-fold, and variation 
Hospital characteristic Hospital p value
Lowa Highb
Surgical teaching hospitalc – yes/no 4/1 1/4
Another hospital, same city – yes/no 3/2 1/4
Characteristics per hospital
Annual revenue, mean – million 190 133 0.424
Newly registered medical conditions, mean 172,640 141,779 0.563
Fixed price, % 17.7 6.5 <0.001
Not fixed/free price, % 82.3 93.5
Operation rooms, mean 11 7 0.337
Bed capacity, mean 399 334 0.641
Staff, mean 2,128 1,469 0.609
Medical specialist, mean 152 117 0.398
Salaried, % 49.8 27.6 <0.001
Self-employed, % 50.1 72.6
Surgeons, mean 15 8 0.090
Academic hospitals and private clinics were excluded to compare hospital characteristics 
between general hospitals with a low or high case-mix-adjusted cholecystectomy rate. a A 
hospital was defined as “hospital with a low adjusted cholecystectomy rate” when a 
hospital appeared in the lowest 20th percentile of the distribution of the case-mix-adjusted 
cholecystectomy rates in all 3 subsequent years (2013, 2014, and 2015). b A hospital was 
defined as “hospital with a high adjusted cholecystectomy rate” when a hospital appeared 
in the highest 20th percentile of the distribution of the case-mix-adjusted cholecystectomy 
rate in all 3 subsequent years. c Involvement of surgical trainees in surgery.
Table 3. Difference in hospital 
characteristics between hospitals with low 
and high adjusted cholecystectomy rates
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is stable over 2013–2015. This is in contrast with previous 
national and international data, in which cholecystecto-
mies vary by 4–5-fold. After excluding academic hospitals 
and private clinics, variation further decreased, which im-
plies that different hospital types contribute to variation.
Previous international reports on practice variation in 
cholecystectomy use a different methodology, in particular 
to calculate factor scores; the Australian factor score for 
cholecystectomy is 4.1 (top3/bottom3 regional scores, 
Medicare insured inhabitants, adjusted for age and sex) [19] 
and 3.3 in the UK (highest 5/lowest 5 regional scores, inhab-
itants, adjusted for age and sex) [20, 21]. Several interna-
tional reports only provide factor scores based on the high-
est/lowest; for example, a French report showed a score of 
2.1 [9], and a report from the USA a score of 3.1 [22, 23]. 
We chose not to report factor scores based on the highest/
lowest, as this methodology is way too sensitive for outliers.
One of the main explanations for the low factor score 
compared to other countries and conditions, beside the 
different methods of analyses, could be altered attitudes 
and beliefs about the indications for surgery between 
countries. During the last decade, the Dutch Society of 
Surgery has updated evidence-based guidelines for gall-
stone disease and extensively communicated these to-
wards the practicing community and surgeons in training 
[3]. This certainly contributed to more uniformity in de-
cision-making for surgery from the surgeon’s perspec-
tive. Clinical trials, researching the indication for a cho-
lecystectomy and improving the outcome after cholecys-
tectomy, could also result in less hospital variation [24].
Although the observed variation was modest in the 
present study, different types of institution (academic, 
general, or private hospital) contributed to hospital varia-
tion. This study is the first to compare hospitals with a low 
and high adjusted cholecystectomy rates and showed that 
potentially other treatment- and hospital characteristics 
(e.g., time to surgery and salaried/self-employed medical 
staff) contribute to practice variation. Contributing fac-
tors  may explain the international differences in case-
mix-adjusted cholecystectomy rates. Nonclinical factors 
contributing to practice variation may not only account 
for gallbladder surgery but also for other surgical proce-
dures like total hip or knee replacements for osteoarthri-
tis, carotid endarterectomies, coronary heart surgery, and 
lumbar hernia repair in which practice variation is sig-
nificantly higher [9, 10, 16, 21].
Considering the patient and hospital characteristics of 
hospitals with low and high adjusted cholecystectomy 
rates, hospitals with a high adjusted cholecystectomy rate 
could also be smaller hospitals performing more elective, 
straightforward procedures. Hospitals with high adjusted 
cholecystectomy rates have more self-employed medical 
staff, which could drive surgical intervention, reduce sur-
gical waiting lists, and receive referrals from other, larger 
hospitals. Surgical care in these, generally smaller, hospi-
tals mainly focusses on less complex surgery. Patient se-
lection in these hospitals may lead to better clinical out-
comes: shorter time to surgery, higher rate of laparoscop-
ic approach, and lower incidence of postoperative 
readmission. Hospitals with low adjusted cholecystecto-
my rates are more characterized by teaching facilities and 
the involvement of surgical trainees during surgery. In 
contrast, the absence of surgical trainees characterizes 
hospitals with high adjusted cholecystectomy rates. This 
contrast may be a reason for superior outcomes in hospi-
tals with high adjusted cholecystectomy rates, although 
previous literature rejects this explanation [25–27].
It is of value that nationwide, longitudinal data were 
used. Additionally, practice variation data were adjusted 
for sex, age, and social-economic status. Moreover, sec-
ondary analyses were only performed on general hospi-
tals, as academic hospitals and private clinics both treat a 
selected group of patients. Inherent to the data source, the 
database lacked specified clinical data on patient charac-
teristics, comorbidity, disease prevalence, severity of dis-
ease, complicated gallbladder disease, conversion rates, 
and patient reported outcomes, which is a limitation of 
this study. Moreover, hospital variation was only mea-
sured in 3 consecutive years. Last, the majority of includ-
ed patients were electively admitted via the outpatient 
clinic, and no differentiation could be made with the 
small group of patients who were admitted via the emer-
gency department. The absence of this information may 
have a minor effect on the reported time interval between 
diagnosis and surgery.
In summary, hospital variation in cholecystectomies 
in the Netherlands is modest, cholecystectomy rates var-
ies by <2-fold, and variation is stable over time. Different 
types of hospital contribute to hospital variation. Hospi-
tals with high case-mix-adjusted cholecystectomy rates 
have shorter waiting lists, more self-employed staff, and 
their outcomes are associated with less emergency visits 
postoperatively.
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